Background Although nivolumab showed survival benefit in patients with advanced gastric cancer (AGC) progressing after standard chemotherapy, there is a lack of data regarding oxaliplatin-based chemotherapy in this clinical setting. Methods We retrospectively evaluated the efficacy and safety of oxaliplatin with l-leucovorin and bolus/continuous infusion of 5-fluorouracil as salvage treatment in patients with AGC refractory or intolerant to fluoropyrimidines, cisplatin, taxanes, and irinotecan. Results Overall, 50 patients treated between December 2009 and December 2013 were included in this analysis. The overall response rate (ORR) was 21.2% among 33 patients with measurable disease. The median time to treatment failure (TTF) and overall survival (OS) were 2.4 and 4.2 months. In multivariate analysis, factors associated with OS included poor performance status [hazard ratio (HR) 3.20; 95% confidence interval (CI) 1.55-6.60], shorter time from the start of first-line therapy (HR 2.20; 95% CI 1.18-4.12), and higher neutrophil/lymphocyte ratio value (HR 4.87; 95% CI 2.32-10.25). In patients (n = 35) with at most one risk factor, the ORR, median TTF, and OS were 26.1%, 3.6, and 6.7 months, respectively. The most common grade 3 or 4 adverse events were neutropenia (30%), anemia (22%), febrile neutropenia (8%), and peripheral neuropathy (8%). Initial and subsequent dose reduction was performed in 18 (36%) and 23 (46%) patients. There was one treatment-related death caused by septic infection. Conclusions Salvage chemotherapy with the combination of oxaliplatin, leucovorin, and 5-fluorouracil has a potential activity and is tolerable for heavily treated AGC with appropriate dose modification and patient selection.
Introduction
Systemic chemotherapy in patients with advanced gastric cancer (AGC) leads to improvement of quality of life and prolongation of survival time [1, 2] . The combination of fluoropyrimidine plus a platinum agent with or without docetaxel or anthracyclines is accepted as a standard therapy with median survival time of 8-14 months [3] [4] [5] [6] [7] [8] . Recent randomized prospective trials which compared docetaxel, irinotecan, or ramucirumab monotherapy with the best supportive care in the second-or third-line setting, demonstrated modest gains of approximately 1.5 months for median overall survival (OS) in patients with AGC [9] [10] [11] [12] . In addition, a placebo-controlled, randomized phase-III trial (RAIN-BOW) revealed that ramucirumab, in addition to paclitaxel, improved OS in patients with AGC who progressed during or within 4 months after first-line chemotherapy [13] . Recently, two placebo-controlled phase-III trials of apatinib, an oral small molecule of VEGFR-2 tyrosine kinase inhibitor, and nivolumab blocking the human programmed cell death-1 receptor, showed a survival benefit in patients with AGC progressing after at least two lines of therapy [14, 15] . In a Japanese phase-III study that compared irinotecan with paclitaxel in the second-line setting, 75% of the patients in the paclitaxel arm received irinotecan as a third-line treatment, resulting in longer OS than that in previous studies [16] . Moreover, three Japanese retrospective studies demonstrated that irinotecan monotherapy has modest activity as third-line chemotherapy for AGC [17] [18] [19] . Based on these results, apatinib, nivolumab, or irinotecan monotherapy is a reasonable therapeutic option for selected patients in the third-or later-line setting.
Oxaliplatin is a third generation platinum compound with a spectrum of activity and toxicity different from cisplatin and carboplatin, and has shown a partial lack of cross-resistance with cisplatin and carboplatin, both in vitro and in vivo [20] . The reported response rates of oxaliplatin monotherapy in patients with ovarian cancer refractory to cisplatin or carboplatin ranged from 4.3 to 29.0% [21, 22] ; based on these findings, several studies have investigated the efficacy of oxaliplatin combined with 5-fluorouracil (5-FU) and leucovorin (FOLFOX) in patients with AGC for whom previous chemotherapies had failed [23] [24] [25] [26] [27] [28] . The objective response rate was approximately 4.7-26.7%, with the median progression-free survival time (PFS) or time to progression of 2.5-4.3 months and a median OS of 6.2-8.8 months [23] [24] [25] [26] [27] [28] . These studies mainly comprised patients treated as second-or third-line treatment, and there are limited data regarding salvage oxaliplatin-based therapy in patients with AGC refractory to 5-FU, cisplatin, taxanes, and irinotecan. The only small retrospective study (n = 12) showed that combination therapy with modified FOLFOX-6 (mFOLFOX-6) therapy yielded a response rate of 23.1%, a median PFS of 3.0 months, and a median OS of 8.9 months for this population [28] ; however, patients who could derive benefit from salvage oxaliplatin-based chemotherapy remain unclear.
The aim of this study was to assess the safety and efficacy of mFOLFOX-6 in patients with AGC refractory or intolerant to fluoropyrimidine, cisplatin, taxanes and irinotecan, and to explore clinical factors associated with the survival of patients in this clinical setting.
Patients and methods

Patient population
Between December 2009 and December 2013, 65 consecutive patients who received mFOLFOX-6 as third-or furtherline therapy at Aichi Cancer Center Hospital were reviewed. Of these, patients with the following criteria were included: (1) histologically proven, inoperable adenocarcinoma of the stomach; (2) an Eastern Cooperative Oncology Group performance status (ECOG PS) score of 0-3; (3) refractory or intolerant to fluoropyrimidines, cisplatin, taxanes, and irinotecan (which could have been given as adjuvant or neoadjuvant chemotherapy or for inoperable disease); and (4) no other combined therapy, including trastuzumab, radiotherapy, or intraperitoneal chemotherapy. As for treatment with adjuvant or neoadjuvant chemotherapy, patients with disease progression during treatment or within 6 months after treatment completion were defined refractory. The collected data were as follows: age, gender, ECOG PS, histological type, previous gastrectomy, number of metastatic sites, metastatic lesions (liver, lymph nodes, or peritoneum), number of prior chemotherapy lines, time from the start of first-line therapy, Glasgow Prognostic Score (GPS), carcinoembryonic antigen (CEA) level, carbohydrate antigen 19-9 (CA19-9) level, neutrophil/lymphocyte ratios (NLR), platelet/lymphocyte ratios (PLR), and time from the start of first-line therapy. Neoadjuvant or adjuvant chemotherapy was considered as prior chemotherapy lines. The GPS was constructed as follows: patients with both an elevated C-reactive protein (> 1.0 mg/dl) and hypoalbuminemia (< 3.5 g/dl) were allocated a score of 2, those with only one of these abnormalities were allocated a score of 1, and those with neither of these abnormalities were allocated a score of 0. The NLR was defined as the absolute neutrophil count divided by the absolute lymphocyte count; similarly, the PLR was defined as the absolute platelet count divided by the absolute lymphocyte count. All patients signed informed consents prior to receiving oxaliplatin-based chemotherapy. We acquired permission to administer oxaliplatin to heavily pretreated patients in our hospital and submitted a minute description of each patient to the health insurance claims authority until the Japanese insurance system covered this agent in March 2015. The outcome data were last updated on 31 January 2016. This study was approved by the institutional review board of Aichi Cancer Center Hospital.
Treatment and assessment of efficacy and toxicity
The mFOLFOX-6 therapy consisted of concurrent infusion with oxaliplatin (85 mg/m 2 ) and l-leucovorin (200 mg/m 2 ) over a period of 2 h, followed by 5-FU bolus (400 mg/m 2 ) and immediately continuous 46-h infusion (2400 mg/m 2 ), and the cycle was repeated every 2 weeks. Dose modifications of each antitumor drug, including the initial dose, were decided according to each physician's judgement. Treatment was continued until documented disease progression, unacceptable toxicity, physicians' decision, or patients' refusal. Responses were assessed according to Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. [29] . Confirmation of the tumor responses was not required for the present study. Toxicity was graded according to National Cancer Institute-Common Toxicity Criteria (NCI-CTC) version 4.0.
Statistical analysis
Time to treatment failure (TTF) was defined as the time from the initiation of oxaliplatin-based therapy until treatment discontinuation for any reason or the last follow-up visit. OS was defined as the time from treatment initiation to death from any cause or the last follow-up visit. Time from the start of first-line therapy was calculated from the date of initiation of first-line treatment to the date of the initiation of oxaliplatin-based therapy. The survival curves were estimated using the Kaplan-Meier method and compared using the log-rank test. Uni-and multivariate Cox proportional hazards models were used to identify factors associated with OS, and multivariate analyses were adjusted by relevant variables with p values of < 0.20 in univariate analyses. The cutoff for NLR and PLR utilized to discriminate between better survival (median OS, ≥ 6 months) and poor survival was determined based on the result of the receiver operating characteristic (ROC) curve analysis [30] . All statistical analyses were performed using Dr. SPSS II software (SPSS Japan Inc., Tokyo, Japan) and were two-sided, and statistical significance was defined as p values of < 0.05.
Results
Patient characteristics
A total of 50 patients were eligible for the study. The background characteristics are listed in Table 1 . The median age of the patients was 67 years (range 36-78 years). Sixteen patients (28%) had an ECOG PS of 2 or 3. The dominant histological type was poorly differentiated adenocarcinoma, and 38 (76%) patients had peritoneal metastasis. Only four (8%) patients presented with human epidermal growth factor receptor 2 (HER2)-positive tumors, two (4%) patients received trastuzumab as the first-line treatment, and the remaining patients received trastuzumab as the third-line or fifth-line treatment before mFOLFOX-6 therapy. The number of prior chemotherapy lines was 2 or 3 in 35 (70%), 4 in 9 (18%), and 5 or more in six (12%) patients. All the patients had previously received cisplatin, fluoropyrimidines, and taxanes, and 43 (86%) had prior irinotecan administration. Seven patients with risk factors, such as symptomatic gastrointestinal obstruction and massive ascites, did not receive irinotecan. Median time from the start of first-line therapy was 19.2 months (range 2.3-46.4 months).
Tumor response and survival
At the time of analysis, all but one patient with lost follow-up data had disease progression and had died from disease progression. The clinical outcomes according to each chemotherapeutic regimen are shown in Table 2 . In all, 33 (66%) patients had measurable lesions based on the RECIST criteria. Among them, no complete response and seven partial responses were achieved, for the overall response rate (ORR) of 21.2% [95% confidence interval (CI) 6.5-35.9%]. Among all the patients, the disease control rate was 48.0% (95% CI 33.7-62.6%). The median TTF was 2.4 months (95% CI 1.9-2.9 months; Fig. 1a ) and the median OS was 4.2 months (95% CI 2.4-6.0 months; Fig. 1b) . Thirteen (26%) patients received subsequent systemic chemotherapy; taxanes were given in seven patients, investigational new drugs in four, and others in two. Ramucirumab and immune-checkpoint inhibitors, including nivolumab, were not administered in any treatment line. 
Toxicity and treatment exposure
The median number of treatment cycles was 3.5 (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . The toxicity profiles are listed in Table 3 . The most common grade 3/4 hematological toxicity was neutropenia (30%), and grade 3 febrile neutropenia was observed in four (8%) patients. The common nonhematologic toxicity was anorexia (66%), fatigue (52%), peripheral neuropathy (42%), and nausea (46%), but most of them were manageable. Grade 3 peripheral neuropathy was observed in four (8%) patients, for which oxaliplatin was discontinued. Only one (2%) patient with an ECOG PS of 3 died from septic shock due to bacterial translocation during mFOLFOX-6 therapy, and this event was considered treatment-related. Five (10%) patients died due to disease progression within 30 days of the last dosage of therapy. Initial dose and a subsequent dose reduction were performed in 18 (36%) and 23 (46%) patients. Relative dose intensity, defined as the proportion actually received of the reference standard dose intensity for each regimen, was at a mean of 75.0% (range 22.4-100%), 82.4% (range 37.3-100%), and 56.8% (range 0-100%) for oxaliplatin, 5-FU continuous infusion, and 5-FU bolus infusion, respectively. Mean values of relative dose intensity for each regimen were 73.6, 81.8, and 58.1% for oxaliplatin, 5-FU continuous infusion, and 5-FU bolus infusion, respectively, only among patients with an ECOG PS of 0-2.
The treatment was discontinued in all patients. The reasons for discontinuation were disease progression in 43 (86%) patients, unacceptable toxicity in four (8%), patient's refusal in two (4%), and treatment-related death in one (2%).
Clinical factors associated with OS
The results of uni-and multivariate analyses for OS are presented in Table 4 . The cutoff PLR and NLR levels for predicting OS of ≥ 6 months were 305 and 3.5, respectively, respectively. Based on these results, the cutoff levels for the PLR and NLR were set at 300 and 3.5 in the current study.
In the univariate analysis, being female, an ECOG PS of 2 or 3, no previous gastrectomy, time from the start of therapy of < 18 months, a GPS of 2, a NLR of ≥ 3.5, and a PLR of ≥ 300 were significant predictors of worse OS. Median OS in patients with no prognostic factor (n = 15), one factor (n = 20), and two or three factors (n = 15) were 9.7 months (95% CI 9.2-10.2), 4.6 months (95% CI 1.8-7.4), and 2.2 months (95% CI 1.7-2.7), respectively (Fig. 1c) . There was a significant difference in OS among these three risk groups (log-rank p < 0.001). The ORR and the disease control rate for each group were 27% (3 of 11) and 73% (11 of 15), 25% (3 of 12) and 45% (9 of 20), and 10% (1 of 10), and 27% (4 of 15).
Discussion
There have been few data regarding salvage treatment for AGC refractory or intolerant to fluoropyrimidines, cisplatin, taxanes, and irinotecan. In this study, we evaluated the efficacy and safety of mFOLFOX-6 for heavily treated patients refractory or intolerant to standard chemotherapy, with a response rate of 21%, and median TTF and OS of 2.4 and 4.2 months, respectively. Observed toxicities were generally feasible. In addition, our study assessed factors to predict patients who are likely to benefit from oxaliplatinbased chemotherapy, and higher pre-treatment NLR levels, shorter time from the initiation of first-line therapy, and poor PS were negative clinical indicators for OS, after adjustment for other relevant factors. Based on two recent phase-III trials, third-or further-line therapy with apatinib or nivolumab prolongs the survival of selected patients with a good PS (0 or 1) progressing after standard chemotherapy [14, 15] . The reported ORR, median PFS, and OS were 2.8%, 2.6, and 6.5 months for apatinib and 11.2%, 1.6 months, and 5.3 months for nivolumab. As for treatment lines, 34% of patients in the apatinib group and 79% of patients in the nivolumab group were treated as fourth-or further-line therapy. In recent retrospective studies, the ORR and median PFS of irinotecan and ramucirumab monotherapy as third-or further-treatment line have been reported to be 3-18 and 7.7%, and 2.2-3.8 and 2.1 months, respectively [17] [18] [19] 31] . In the present study, patients were expected to have worse outcomes than the patient population in the phase-III studies of apatinib and nivolumab (PS 2 or 3 in 28% and third or more lines of therapy fail in 76%), but comparable survival and a better response rate were achieved than those of apatinib, nivolumab, irinotecan, and ramucirumab. In the salvage setting, there is marked heterogeneity in the duration of survival among patients and it is frequently at the expense of toxicity for this population. Therefore, the selection of patients who are more likely to benefit from salvage treatment is an important issue. There are a few studies addressing this issue in the salvage setting: in a retrospective study and one phase 2 study from Korea, PS was the only independent prognostic factor in OS [26, 27] . ECOG PS has been reported to be the universal prognostic factor in any line of treatment and in various malignancies, and was a reproducible marker predicting survival in the present study as well. In the third-line setting, shorter duration from first-line to third-line therapy has been reported to be correlated with a worse prognosis [18, 32] , corresponding to our results. Inflammation plays a critical role in the progression of many cancers, by promoting cancer-cell proliferation, angiogenesis, and metastasis, and by impacting tumor response to chemotherapy. In early line therapy settings, the laboratory index of systematic inflammatory response including GPS [33] , NLR [34, 35] , and PLR [35] have been investigated as prognostic and predictive markers in patients with AGC, and these were negatively correlated with survival outcome. Although these are easily calculated, reproducible, and inexpensive markers of systemic inflammation, their significance in later-line therapy setting has not been studied fully. For the first time, we investigated the significance of GPS, NLR, and PNR in a salvage setting. Among these, only NLR was a prognostic indicator of OS in accordance with previous studies, but this can be attributed to the small sample size in the present study. Hence, further investigation is needed. A high NLR reflects both a heightened neutrophil-dependent inflammatory reaction and a decreased lymphocyte-mediated antitumor response, which contribute to cancer progression and poor prognosis. The median value of NLR in our cohort was higher than that from previous studies, reflecting the far advanced disease status of patients included in our study. When confined to patients with two or three prognostic markers identified, the response rate, median TTF, and OS were 10%, 1.4, and 2.2 months, respectively, indicating that this patient population is not a candidate population for salvage oxaliplatin-based therapy.
With regards to toxicity, mFOLFOX-6 therapy was totally feasible. The most common grade 3/4 hematological toxicity was neutropenia (30%) with 8% of febrile neutropenia, which was comparable to the incidence (17.9-44.6 and 0.2-19.2%, respectively) observed in previous studies [23] [24] [25] [26] [27] [28] . The most common non-hematological toxicities included anorexia (66%), fatigue (52%), peripheral neuropathy (42%), and diarrhea (18%). These toxicities were acceptable in terms of incidence and severity, but clinically significant neuropathy developed in 8% of patients. A possible reason for the relatively frequent incidence of neuropathy compared to that (0-3.8%) in previous studies could be that all patients were heavily pretreated with neurotoxic agents such as cisplatin and taxanes. A 75-year-old female patient who experienced treatment-related death had an ECOG PS of 3 and essentially should have received the best supportive care. Generally, the toxicity profile and its incidence in our study did not show marked differences compared with previous reports, but our results should be interpreted with caution because initial and/or subsequent dose reduction was performed in 36 and 46% of the patients. We should carefully select patients who may benefit from the salvage chemotherapy in terms of the safety of such treatment as well.
Our study has some limitations. First, this is a retrospective study of a widely varied patient population in a single institute. Second, the total number of patients analyzed is relatively small. Accordingly, other factors that were not found to be significantly associated with outcome in the present study might have been important in a larger patient cohort. Finally, our findings are not validated; therefore, external validation of our results is required in larger patient cohorts. Despite these limitations, our observation strengthens demands for further investigation of mFOLFOX-6 as salvage treatment in patients with AGC.
In conclusion, our results indicate that salvage chemotherapy with mFOLFOX-6 regimen had modest efficacy with an acceptable toxic profile in patients with AGC heavily treated with standard chemotherapy. Patients with at most one risk factor such as poor PS, high NLR, or short time from the initiation of first-line therapy might be good candidates to derive clinical benefit from these regimens.
